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(57) ABSTRACT

An expanded-image generating apparatus 1s provided for
original 1image data, in which a plurality of pixels is arranged
In a matrix, so as to obtain expanded-image data partitioned
into a plurality of blocks, each of which 1s composed of a
plurality of pixels When the magnitying power regarding at
least one of a direction along width and a direction along
length in the original 1mage data i1s set, a pixel arranging
processor arranges cach pixel in the original image data at a
position corresponding to a center position of each of the
plurality of blocks 1 accordance with the magnifying
power. The expanded-image data corresponding to the mag-
nifying power 1s generated at pixel generating positions
corresponding to the each block by applymng a fluency
fransform to each pixel in the original 1mage data at the
position. When the magnifying power 1s odd numbered, a
shifting processor shifts said pixel generating positions
relative to each corresponding pixel of said original image
data by a shifting-amount corresponding to said magnifying
power such that each arranged pixel of said original 1mage
data 1s off-center with respect to said plurality of blocks.

9 Claims, 17 Drawing Sheets
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METHOD AND APPARATUS FOR
EXPANDING IMAGE DATA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method and apparatus
for expanding original image data to obtain expanded-image
data composed of larger number of pixels than that of the
original 1mage data.

2. Description of the Related Art

Conventionally, when expanding original image data to
obtain expanded-image data composed of a larger number of
pixels than that of the original image data, an interpolation
processing, such as a linear interpolation, 1s executed. Thus,
pixels are interpolated so that the expanded-image 1s gen-
crated. By performing the interpolation processing, a size of
a digital image displayed on a display unit can be changed
as required.

However, when performing the conventional interpola-
fion processing including the linear interpolation, a variation
of pixel value between pixels 1s not smooth, and the
expanded-image data with a high-resolution can not be

obtained. Namely, picture quality decreases in the process of
expansion.

SUMMARY OF THE INVENTION

Therefore, an object of a present invention 1s to provide
a method and apparatus for expanding original image data,
while Iimiting the degradation of picture quality. An appa-
ratus for expanding original image data according to the
present invention expands the original image data. The
original image data 1s arranged 1n a matrix and 1s composed
of a determined number of pixels. The expanded-image data
1s partitioned 1nto a plurality of blocks composed of a
plurality of pixels. The apparatus has a magnifying power

setting processor, a pixel arranger, a shifting processor, a
magnifying power 1nspector and an expanded-image gener-
ating processor. The magnifying power setting processor
sets a magnifying power regarding at least of a width
direction and a length direction 1n the original image data.
The pixel arranger arranges each pixel 1n said original image
data at a position corresponding to a center position of each
of said plurality of blocks in accordance with said magni-
fying power. The expanded-image generating processor gen-
crates the expanded-image data corresponding to the mag-
nifying power by applying a fluency transform to each pixel
in the original image data. Thus, the plurality of pixels in
cach block i1s generated at pixel generating positions. The
magnifying power inspector mspects whether the magnify-
ing power 1s odd numbered. Then, when the magnifying
power 1s the odd numbered, the shifting processor relatively
shifts the pixel generating positions with respect to each
corresponding pixel of original 1mage data by a shifting-
amount, corresponding to the magnifying power, such that
cach arranged pixel of original 1mage data 1s off-center with
respect to the plurality of blocks. As the fluency transform
1s executed, the variation of pixel value between pixels
becomes smooth, and the picture quality 1s maintained in the
process of expansion processing. Further, the fluency trans-
form 1s executed after the shifting process i1s performed
when the magnifying power 1s odd numbered, so that the
variation of pixel value between pixels becomes smooth.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from the
description of the preferred embodiment of the invention set
forth below together with the accompanying drawings, in
which:
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2

FIG. 1 1s a block diagram of an expanded-image gener-
ating apparatus of an embodiment.

FIG. 2 1s a view showing an expansion processing.

FIGS. 3A, 3B, 3C and 3D are view showing fluency
functions varying with parameter m.

FIG. 4 1s a normalized fluency function at the parameter
m=1.

FIG. 5 1s a view showing an interpolation processing by
a fluency transform.

FIG. 6 1s a view showing the fluency transform along a
horizontal direction.

FIG. 7 1s a view showing a table T1 indicating 8 pixel
values along the horizontal direction 1n a block.

FIG. 8 1s a view showing the fluency transform along a
vertical direction.

FIG. 9 1s a view showing a table T2 representing 8 pixel
values along the vertical direction in the block.

FIG. 10 1s a view showing the fluency transform along the
horizontal direction in the case 1n which the magnifying
power 1S odd number.

FIG. 11 1s a view showing a table T3 representing 3 pixel
values along the vertical direction 1n the block.

FIG. 12 1s a view showing pixel values along the hori-
zontal direction 1n the block.

FIG. 13 1s a view showing 3x3 pixel values including an
unchanging pixel value 1n the block

FIG. 14 1s a view showing a shift processing along the
horizontal direction.

FIG. 15 1s a view showing a table T4 representing pixel
values obtained by shift processing.

FIG. 16 1s a view showing a shift processing along the
vertical direction.

FIG. 17 1s a view showing a flowchart of the process for
obtaining the expanded-image data.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremnafter, the preferred embodiment of the present
invention 1s described with reference to the attached draw-
Ings.

FIG. 1 1s a block diagram of an expanded-image gener-
ating apparatus of an embodiment of the present invention.

In a memory M1, original image data composed of
luminance data Y and color difference data Cb, Cr 1s stored.
In this embodiment, the original 1mage data 1s obtained by
being photographed by a digital still camera. The original
image data 1s composed of a plurality of pixels, and the
plurality of pixels are arranged 1in a matrix. The luminance
data Y and color difference data Cb, Cr corresponding to one
frame worth of the original 1mage data are stored in an
independent area of the memory M1, respectively. The
luminance data Y and color difference data Cb, Cr are fed to
an expanded-image generating apparatus 10, and are sub-
jected to an expansion processing, separately.

The expanded-image generating apparatus 10 has a mag-
nifying power setting processor 11, a shifting processor 12
and an expanded-image generating processor 13. Note that,
a CPU (not shown) controls the expanded-image generating
apparatus as a whole, and an input device (not shown) for
selecting a magnifying power 1s provided. When the 1nput
device 1s operated, the magnifying power 1s set in the
magnifying power setting processor 11. Note that, the mag-
nifying power 1s an integer number.
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In the shifting processor 12, an arrangement of each pixel
in the original 1mage data is performed 1n accordance with
a value of the magnifying power. Further, 1n the shifting
processor 12, a shift processing regarding a pixel position of
arranged pixels of the original image data 1s executed when
the magnitying power 1s odd numbered, on the other hand,
the shift processing i1s not executed when the magnifying
power 15 even numbered.

In the expanded-image generating processor 13, the flu-
ency transform 1s executed to each pixel in the original
image data, so that expanded-image data, which has a larger
number of pixels than that of the original image data, 1s
obtained. The expanded-image data is fed to a memory M2.
The luminance data Y and color difference data Cb, Cr
corresponding to one frame worth of the expanded-image
data are fed to a display device (not shown), thus the
expanded-image 1s displayed on the display device.

FIG. 2 1s a view showing an expansion processing.

The original 1mage data P 1s composed of “AxC” pixels,
“A” pixels are arranged along a horizontal direction and “C”
pixels are arranged along a vertical direction. A range of
values of cach pixel P, 1s 0 to 255. Note that, hereinatter,
pixel values are also represented by “P, . As shown 1 FIG.
2, x-y coordinates are defined with respect to the original
image data P. A top-left corner of the original 1mage data P
1s set to an origin, an x-axis 1s parallel to the horizontal
direction and a y-axis 1s parallel to the vertical direction. A
pixel P, shown 1n FIG. 2 1s positioned at the s-th pixel along,
the x-axis and the t-th pixel along the y-axis.

Each pixel 1n the original 1mage data P 1s subject to the
fluency transform along the horizontal (x-axis) and vertical
(y-axis) direction, in accordance with the magnifying power
For example, the pixel P,. 1s subject to the fluency transform
along the horizontal direction, thus block BP composed of 3
pixels along the horizontal direction 1s generated. Then, the
fluency transtorm along the vertical direction 1s executed to
the 3 pixels obtained by the fluency transform along the
horizontal direction, thus a block BO composed of 3x3 (=9)
pixels 1s generated. A size of the pixel ], is equal to that ot
the pixel P,..

When all pixels in the original image data P are subjected
to the fluency transtorm, the expanded-image data J parti-
fioned 1nto a plurality of blocks B including the block B0,
cach of which 1s composed of 3x3 pixels, 1s generated. A
position of the block B0 in the expanded-image data J
corresponds to a position of the pixel P, in the original
image data P, therefore, the block B0 1s positioned at the s-th
block along the horizontal direction and the t-th block along,
the vertical direction. In this way, the position of each of the
blocks B 1n the expanded-image data J corresponds to the

position of the corresponding pixel P, 1n the original image
data P.

To 1indicate a position of a pixel in the block B0, an x'-ax1s
and a y'-axis are defined with respect to the horizontal
direction and the vertical direction respectively, and each
pixel in the original image data P 1s represented by “I',..7.
T'he pixel J . in the expanded-image data J and the pixel

“I',..” satisty the following formula.

J, =7 =l

B2 i o~ 4G T ST S G T

(1)

Each block B 1s a square block, and a pixel number along
the x'-axis and the y'-axis are both of “3”. Therefore, a pixel
number along the horizontal (width) direction and the ver-
tical (length) direction in the original image data P are “3A”
and “3C” respectively, and the pixel number of the
expanded-image data J 1s “9xAxC”.
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4

In this way, the original image data P composed of “Ax(C”
pixels 1s transformed to the expanded-image data J com-
posed of “3Ax3C” pixels by the fluency transform. Note
that, 1n this embodiment, the magnifying power means a
ratio of the pixel number along the horizontal/vertical direc-
fion 1n the original image data P to the pixel number along
the horizontal/vertical direction in the expanded-image data
J. Theretore, a size of the expanded-image data J to a size of
the original 1mage data P is the square of the magnifying
power. For example, in FIG. 2, the magnifying power 1s “3”
and the expanded-image data has a size of 9 times of the
original 1mage data P.

Heremnafter, with reference to FIGS. 3 to 9, the fluency
transform 1s explained. Since the fluency transform 1s based
on a fluency function, the fluency function will be described
before the explanation of the fluency transform.

The fluency function, named by professors Kamada and
Toraichi, 1s known as a function, which represents various
signals appropriately, for example, disclosed in a Math-
ematical Physics Journal (SURI-KAGAIU) No.363, pp8—12
(1993), published in Japan. To begin with, a fluency function
space 1s defined as follows.

It 1s supposed that a function space composed of a
staircase (scaling) function, which is obtained on the basis of
a rectangular function represented by formula (2), is repre-
sented as shown in following formula (3), the fluency
function space is defined by formula (4).

1, |=<1/2
X (1) :{

0, otherwise

(2)

“ (3)

v

IS::{f:R—}Cf(r): > baxti=m), b} el

A

e )

{h:R—}Clh(I):fmf(r—r)g(r)d’r, fem_lS, gelS}(m:_r—Q)

The fluency function space of order m “™S” 1s constructed
by a function system, composed of an (m-2)-times continu-
ously differentiable piecewise polynomial of degree m-1.
The fluency function is a staircase (scaling) function when
m is 1. The formula (2), which represents rectangular
function, indicates a sampling basis at order m=1, and the
formula (3) indicates the fluency function space at order
m=1. The fluency function space ™S 1s a series of a function
space, which can connect from a staircase function space
(m=1) to a Fourier band-limited function space (m=c) Note
that, a continuous differentiability m 1s regarded as a param-
cter.

The function system, characterizing the fluency function
space S and corresponding to an 1mpulse response, 1S
derived from a biorthogonal sampling basis theorem com-
posed of a pair of a sampling basis and its biorthogonal
basis. In this theorem, an arbitrary function fe™S satisfies
following formulae (5), (6) for a sampling value f -=f(n)

00 (9)
fl) = Z Japns19(t — 1)

(6)

fu= f f(O) g =)l
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where [, p€™S satistying

m\p €S = (1/2@[&1

on the other hand, ,, ,.;p€™S satistying

y l, p=n
m I — m ox PU — I =
I:[ 1P = 1) g P = P) 0. ptn

The formula (5) indicates a function of the fluency
transform derived from the sample value, and represents an
expansion form, in which the sampling value sequences 1s a
expansion coefficient. On the other hand, the formula (6)
indicates a function of the fluency inverse transtorm derived
from the function of the fluency transform, and represents an
operator, which obtains the sampling value sequences from

the function of the fluency transtorm 1n the form of a integral
transform. Note that, p 1s an arbitrary integer, and a bar
expressed above “¢” in the formula (6) represents a conju-
cgated complex of ¢.

Further, 1n the fluency function space ™S, an orthogonal
transform 1s derived from a fluency transform theorem. The
orthogonal transform provide a generalization of a fre-
quency concept 1 terms of agreement with Fourler trans-
form at m=co, and characterizes a harmonic structure. The
theorem satisiies the following two formulae for an arbitrary
function fe™'S.

i
o0

2.

=

—1
[(-1)7(1 - q(zrr/w))]"”} x expliwnd o

d 7
F0 = 1/20) [ Fpode, wdis o

(3)

Fiu) = f F(0) gy B = )bt

where

o, u) = (l/2:fr)f 4 Z O(w —Lft+2:r'rp)}><

= ea

..

. ~1/2
Z (1 — q(Qﬂ/m))zm} X exp(swidw

=0

Note that, ¢(u) is a function of the fluency function space ™S
and 1s expressed by using a Dirac delta function 6. “u” 1s an
arbitrary variable.

The formula (7) is designated as a fluency orthogonal
transform, and the formula (8) i1s designated as a fluency
inverse orthogonal transform.

The fluency orthogonal transtorm expressed by the for-
mula (7) can transform discrete sample values to continuous
function values. Accordingly, 1n this embodiment, the flu-
ency orthogonal transform 1s utilized for expanding the
original 1mage data. Namely, the fluency transform 1is
executed to each pixel of the original image data P, and then
the expanded-image data J 1s generated on the basis of the
continuous function values.

Herein, some concrete fluency functions are explained.
The order “m” of the fluency function space ™S can be
expressed as a parameter “m” of the fluency function, and
when the parameter “m” 1s set to “1,2, . . . 7 1n order, the
fluency function are represented as shown below.

The most simple function system in the fluency function
is obtained by setting the function “f(t) €'S” in the formula

5

10

15

20

25

30

35

40

45

50

55

60

65

6

(3) to the rectangular function, which is represented by
“~(t)” in the formula (2), in place of the staircase function,
and setting the function ge'S represented in the formula (4)
to the above rectangular function “f(t)”. Namely, the func-
tion f(t) represented in the formula (3) becomes a rectangu-
lar function by applying a Delta (0) function to an input
function of the formula (3) in place of the rectangular
function expressed by the formula (2). Then, the rectangular
function f(t) 1s utilized for a function of the convolution
integral in place of the function g(t) represented in the
formula (4), when transforming the function space 'S to
the function space ™S.

An input value at the formula (3) becomes the o function
shown in FIG. 3A in place of the rectangular function y(t)
represented in the formula (2). The value of the & function
1s 1 when variable t 1s T, and 1s 0 when variable t 1s not 7.
The fluency function f(t) with the parameter m=1 is repre-
sented as following formula, in place of the formula (3).

1, 7=1/2<t<t+1/2 (9)

f(o) = ﬂ;xnx(r—n) - { ; fe's

, otherwise

The fluency function f(t) in the formula (9) becomes a
rectangular function, as shown 1n FIG. 3B. Then, the fluency
function with the parameter m=2, denoted by “g(t)”, is found
by executing the convolution integral on the basis of the
rectangular function f(t), as shown in the following formula.

o(1) = f - Df(dr 10

-7+, T-1<it=T

—t+7+1, T<i<t+1 gne?s

0, otherwise

LN

The fluency function g(t) obtained by the formula (10) is,
as shown 1n FIG. 3C, a triangular function.

When the parameter m 1s 3, 4, 5 . . . , the convolution
integral 1s executed, similarly to the parameter m=2.
Namely, based on the fluency function at the parameter
“m-1" and the function f(t) represented in the formula (9),
the convolution integral 1s executed, so that the fluency
function with the parameter m 1s generated. For example,
when the parameter m is 3, based on the function g(t)
obtained by the formula (10) and the function f(t) in the
formula (9), the convolution integral is executed, so that a
fluency function h(t) shown in FIG. 3D, which is smooth and
expressed by a curve, is generated. The fluency function h(t)
1s expressed as

h(h) = fmg(r—r)f(r)fﬂr ) €S (1)
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-continued
(1 5 3
—Z@—r+2), T—Q{I{T—E
3 , 1 3
Z(r—*r+l) +§(r—r+l), r—zﬂ_:r{:r—l
S , 1 1
Z(r—r+1) +§(r—r+1), r—lf-_:rf:r—z
7 5 1 1
_, —Z(r—r) + 1, T_EEI{T-I_E
J , 1 1
Z(r—r—l) —E(r—r—l),, r+§--_:r~::r+1
3 , 1 3
Z(r—r—l) —E(r—r—l), r+1--_:r~=::r+§
1 . 3
—Z(I—T—ZJ, r+§--_:r<:r+2
0, otherwise

In this way, the fluency function varies with the parameter
m. The fluency functions, shown in FIGS. 3B to 3D,
correspond to sampling bases regarding the fluency function
space 'S respectively, which are disclosed 1in the Mathemati-
cal Physical Journal described above in this embodiment,
the fluency transform (orthogonal transform) to the original
image data P 1s executed on the basis of the fluency function
in the case of the parameter m=1, 2 and 3.

However, if the function f(t), obtained by the formula (9)
and shown 1n FIG. 3B, 1s directly utilized at the convolution
integral at the parameter m=3, the value of the fluency
function at t=T does not coincide with 1. Accordingly, 1n this
embodiment, normalized function shown 1n FIG. 4 1s
applied to the convolution mtegral in place of the function
f(t) shown in FIG. 3B. The normalized function f(t) is
normalized as for an area, which 1s formed based on the
t-axis and the function f(t), such that the area of the function
f(t) is always 1. For example, when the parameter m is 3, the

normalized function f(t) is represented by

! 1 (12)

—g,T—I{IET—E

4 | 1

fn=13 To5 <ISTH5

1 |
-3 r+§ <r<T+1
. 0, otherwise

Thus, the value of the fluency function 1s always 1 at t=rt.

FIG. § 1s a view showing an 1nterpolation processing by
the fluency transform. Note that, for ease of explanation, the
fluency transform 1s executed for only the horizontal
direction, or x-axis. The magnification 1s “8”.

Herein, as one example, three pixels P, ,, P., P, . 4,
adjoimning cach other i1n the original image data P, are
subjected to the fluency transform by the formula (7) along
the horizontal direction. Each pixel value of the three pixels
P ., P, P, . 1s different respectively. The input function
F(u) at the formula (7) corresponds to each pixel value of the
three pixels P,_,, P, P, .

When the input function F(u) at the formula (7) is a
discrete value corresponding to 0 function, the output func-
tion f(t) in the formula (7) corresponds to the fluency
functions shown 1 FIGS. 3A to 3D. Therefore, by the
fluency orthogonal transform, the output function f(t) having
continuous values 1s generated. When the parameter m=1, an
output function f_, obtained by executing the fluency trans-
form to the pixel value P,, 1s a rectangular function, as
shown i FIG. 5. Each pixel value of 8 pixels along the
horizontal direction (x-axis) in the block BP, represented by

a bar “Q”, 1s equal.
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Then, when the parameter m 1s 1, the range of the output
function f_ along the x-axis corresponds to the range of the
horizontal direction of the block BP (represented by “L” in
FIG. 5). The range of the output functions f__,, f_, ;, obtained
by executing the fluency transform to the pixel values P,__,,
P...,, does not overlap the range of the output function f_.

On the other hand, when the parameter m 1s 2, each of the
functions f_,, £, f_, ,, obtained by the formula (7) and
corresponding to the pixel value P, _,, P, , P, ., respectively,
1s a triangular function. In the case of the parameter m=2,
cach range of functions f_ ,, I, __, overlaps each other as
the range L of the block BP 1s defined 1in accordance with the
parameter m=1. The difference between the range of the
function f(t) at the parameter m=2 and that of the function
f(t) at the parameter m=2 is shown in FIGS. 3B and 3C.

Accordingly, each pixel value, represented by the bar Q,
1s obtained by adding each value of the functions f_ ,
f__,. Namely, each value of the functions f_,, £, I .,
corresponding to each position of 8 pixels 1n the horizontal
direction of the block BP, 1s added, so that each pixel value
of 8 pixels along the horizontal direction (x-axis) is
obtained. For example, regarding the second pixel from the
right end 1n the block BP, the pixel value Z3 1s obtained by
adding the pixel value Z2, which 1s the value of the function

f_, and the pixel value Z1, which 1s the value of the function

f

s41°

As the parameter “m” becomes large, the range of the
function f(t) along the horizontal direction becomes larger,
as shown 1n FIG. 3D. In this case, each pixel value of the
block BP, corresponding to the pixel P,_1s calculated on the
basis of the pixel value P,__, P, ,, and other adjacent pixels
in the original 1mage data P.

After the fluency transform along the horizontal direction
1s executed, the fluency transform along the vertical direc-
tion (y-axis) is executed to the block BP, so that the block B0
composed of 8x8 pixels 1s generated. Namely, when execut-
ing the fluency transform along the x-axis and the y-axis for
cach pixel of the original image data P in order, the
expanded-image data J 1s generated. Each pixel value of the
expanded-image data J depends upon the parameter m.

With reference to FIGS. 6 to 9, a generation process of the
expanded-image data J by the fluency transform 1s
explammed. Herein, the parameter m 1s one of 1 to 3, and
adjacent pixels to the pixel P, necessary for finding each
pixel of the block BP, are represented by P,., P,._., P... 1,
P._..P_-.P, _..,P,..,P, .. Note that, values of the pixels
Pro s Pr_1s Provts Proros Proes Progos Py Prsy are also
expressed by “PIS—ZF Prs—lﬂ Pr5+1: Prs+2: PI—Q,S‘? Pr—lm Pr+15:

»?

Pr+2,s '
FIG. 6 1s a view showing the fluency transform along the

horizontal direction (x-axis). The positions of 8 pixels in the
block BP are expressed by “0, 1, 2 . . . 77 in order.

Firstly, the pixel P,  1s arranged at the center of the
generated block BP (between third position and fourth
position), and then the fluency transform at the parameter m
(=1, 2 or 3) is executed along the horizontal direction
(x-axis). Similarly to the pixel P, the pixels P,__,, P, .,
P .P. _..P_. P, ., P, P, ,_ aresubjectto the fluency
transform in the horizontal direction, at the center of each
block generated by the fluency transform. 8 pixels, repre-
sented by “10, I1, 12, 13, 14, IS5, 16, I7” 1n FIG. 6, are based
on the piX@lS st—za Prs—lﬂ Pm: Prs+1: Pr5+2*

FIG. 7 1s a view showing a table T1 indicating 8 pixel
values along the horizontal direction 1n the block BP,
obtained by the fluency transform. In the table T1, pixel
values corresponding to the parameter 1, 2 and 3

respectively, are shown, and each pixel value 1s obtained on
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the basis of the formula (7). Herein, pixel values along
horizontal direction are also represented by “10, 11, 12, . . .
I7”, which are identical to the 8 pixels along the horizontal
direction.

For example, when the parameter m 1s 1, all of the pixel
values 10 to I7 coincide with the pixel value P, . As described
above using FIG. §, the pixel values P, ., P, _.,P,. .., P, .-
except for the pixel value P,_1n the original image data P do
not effect generation of the pixel values to I7 when the
parameter m=1. On the other hand, when the parameter m 1s
2, as shown 1n FIG. 7, the pixel values 10 to 17 are generated
on the basis of the pixel values P, _,, P,, P, , and the
addition of the value of the function f_,, £, f__, at the
formula (7). Namely, the pixel values 10 to I7 are respec-
tively generated by adding each value of the functions f__,,
f, 1. ,,which corresponds to the pixel position, as shown in
FIG. 5. When the parameter m 1s 3, the pixel values 10 to 17
are obtained on the basis of the pixel values P,._,, P, ., P,
P.. ., P, .. After the fluency transform in the horizontal
direction 1s executed, secondly, the fluency transform in the
vertical direction (y-axis) is executed to the block BP
composed of 8 pixels 10 to 17.

FIG. 8 1s a view showing the fluency transtorm along the
vertical direction. Similarly to the horizontal direction, the
positions of 8 pixels along the vertical direction are
expressed by “0, 1, 2, . . . 77 1n order.

When the fluency transform along the horizontal direction
1s executed to each pixel of the original image data P, blocks
FP, GP, HP, KP, corresponding to the pixels P, ., P, .,
P,..., P, respectively, are obtained. Each pixel of the
blocks FP, GP, HP, KP is designated by “10, 11, . . . {77, “g0,
ol,...g7”,“h0,hl, ... 077, “k0, k1, ...K7”, respectively.
Note that, Each pixel of the blocks FP, GP, HP, KP is
obtained on the basis of other adjacent pixels 1n the original
image data P in additionto P,__, P,._,, P,, P P For

o rs+1° rs+2"

example, “10, 11, . . . 77 of the block FP 1s obtained by

44
PI—ZS—Z? PI—ZS—Z[? PI—25+1? PI—25+2'

The 8 pixels “10, 11,12, . . . I7” are subjected to the fluency
transform along the vertical direction at the center of the
block BP (between the third position and the fourth
position), on the basis of the formula (7) The other pixels

“10,11,...177,%¢0, 1, ...¢77,“h0,h1, ... h7”, “k0,Kk1, ...
k7” are also subjected to the fluency transform along the
vertical direction respectively, similarly to the 8 pixels 10 to
I7. Then, 8x8& pixels of the block B0 are obtained by adding
each value of the output values f(t) (at the formula (7)) based
on the pixels “f0, {1, . . . 77 corresponding to the pixel
positions “0, 1, 2, . . . 77, the output functions f(t) based on
the pixels “g0, ¢l, . . . ¢7” corresponding to the pixel
positions “0, 1, 2, ... 77, the output values f(t) based on the
pixels “I0, I1, . . . I7” corresponding to the pixel positions
“0,1,2,...77,the output values f(t) based on the pixels “h0,
hl, . . . h7” corresponding to the pixel positions “0, 1,
2, ... 7" and the output values f(t) based on the pixels “k0,
k1, . . . K77 corresponding to the pixel positions “0, 1,
2, ... 77. Herein, the pixel value of the block B0 1s denoted
by I' .. (0=x'=7, 0=y'S7).

FIG. 9 1s a view showing a table T2 representing 8 pixel
values I' ., (0=y=7), shown by diagonal line in FIG. 8.
When the parameter m 1s 1, all of the pixel values I' ;- are
[7, when the parameter m 1s 2, the pixel values I'; are
obtained on the basis of the pixel values 17, g7, h7. When the
parameter m 1s 3, the pixel values I' ; are obtained on the
basis of the pixel values 17, g7, 17, h7, k7. Other pixels L,,...
(0=x'=6, 0=y'=7) are also obtained on the basis of the
pixels fx', gx', Ix', hx', kx' (x'=0 to 6). In this case, the pixel
values I, (0=x'6, 0=y=7) are obtained by substituting {x’,
ox', Ix', hx', kx' (x'=0 to 6) for {7, g7, 17, h7, k7 represented
in FIG. 9.
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In this way, the block B0 corresponding to the pixel P,_1n
the original image data P i1s generated by executing the
fluency transform along the horizontal and the vertical
direction. The fluency transform 1s executed for each pixel
of the original image data P at the same time, so that the
blocks B including the block B0 1s generated, namely, the
expanded-image data J 1s obtained. Note that, the range of
the parameter m 1s not restricted 1 to 3, and may be set to
an arbitrary range (for example, 1 to 5). In this embodiment,
the parameter m 1s more than 2 so as to make the variation
of pixel values smooth.

With reference to FIGS. 10 to 16, the shift processing is
explamed below. In FIGS. 10 to 12, the fluency transform
without the shift processing 1n a case in which the magni-
fying power 1s odd numbered 1s shown, and 1n FIGS. 13 to
16, the fluency transform with the shift processing 1s shown.

FIG. 10 1s a view showing the fluency transform along the
horizontal direction. Note that, the magnifying power along
the horizontal (or vertical) direction 1s 3. When the fluency
transform 1s executed, as described above, each pixel P in
the original 1mage data P 1s positioned at the center of the
corresponding block. Therefore, when the magnifying
power 1s 3 times, the pixel P, 1s arranged at the pixel
position “1” along the horizontal direction. Similarly, the
other pixelsP, ., P, ,, P, ., P, ,are arranged at the center
of the corresponding block.

FIG. 11 1s a view showing a table T3 indicating 3 pixel
values along the horizontal direction. As shown 1n the table
T3, even when the parameter m=2 and 3, the pixel values P,_
directly become the pixel value I1. This 1s because, regard-
ing the functions f(t) (at the formula (7)) based on the pixel
P_.,P.__.,,P. .,,P, -, avalue corresponding to the pixel
position “1” 1n the block BP, are all “0”. Other pixel values
P, .,P.__.,P._ ., P. ., alsobecome pixelvalues at the center
of the corresponding block respectively, similarly to the
pixel P,.. In FIG. 12, the pixel values along the horizontal

direction, based on the parameter m=2, are shown with the
function f.__,, f,, f_, ;, obtained by the formula (7).

s—12 g2 Lo4>

FIG. 13 1s a view showing the fluency transform along the
vertical direction. As shown 1n FIG. 13, the block B0 is
ogenerated by executing the fluency transform along the
vertical direction. The pixel value I';, 1s equal to the pixel
value I1, or the pixel value P,. Then, the pixel values I',,
I'., become equal to the pixel value 10, 12 respectively.

In this way, when the fluency transform 1s executed 1n a
state 1n which the magnifying power 1s odd numbered, each
pixel value P, in the original image data P becomes equal
to the pixel value at the center of corresponding block B.
Consequently, the pixel values equal to the pixel values P,
exist 1n the expanded-image data J. Herein, the above pixel
values are represented as “unchanging pixel vales”. It 1s due
to a characteristic of the fluency transform, 1n other words,
the fluency function shown 1n FIGS. 3A to 3D that unchang-
ing pixel values occur.

Incidentally, the expandad-image data J 1s generated by
interpolating pixels between pixels m the original 1image
data P Accordingly, as a variation of the pixel value between
pixels 1s smaller, namely, the pixel values vary smoothly
between adjacent pixels, picture quality 1n the expanded-
image data J 1s less degraded

However, when the unchanging pixel value exists in the
expanded-image data J, the variation of the pixel value 1s not
as smooth as compared with that of the expanded-image data
J 1n which no unchanging pixel value exists. For example,
the variation among the pixels 10, I1 and 12, shown 1in the
table T2 m FIG. 11, 1s not as smooth compared with the
variation of the pixel value among the pixels, 12, 13, 14 and

I5 shown 1n the table T1 in FIG. 7.
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Further, regarding the vertical direction, a stmilar problem
occurs. For example, the pixel value I',, becomes equal to
the pixel value 10, so that the variation of the pixel values
along the vertical direction 1s not as smooth similarly to the
horizontal direction.

In this way, picture quality in the expanded-image data J
in a case where the magnifying power 1s odd numbered
decreases 1n comparison with the expanded 1mage data J in
the case where the magnifying power 1s even numbered.
Accordingly, 1n this embodiment, position-relationship
between the pixel-position of each block B and each corre-
sponding pixel P, of the original image data P 1s changed,
so as not to generate the unchanging pixel values, when the
magnifying power 1s odd numbered.

FIG. 14 1s a view showing the shift processing along the
horizontal direction.

When the magnifying power 1s odd numbered, the posi-
tion of each pixel P, in the original image data P 1is
relatively shifted from the center position of the correspond-
ing block by a shifting-amount AS along the horizontal and
left direction, such that each pixel P, are arranged between
the first pixel position and the second pixel position In the
block BP. For example, the pixel P, 1s relatively shifted
from the center position of the block to a position between
a pixel position “0” and a pixel position “1”. When 1t 1s
supposed that a magnitude of width/length of the each block
B 1s “M”, the shifting-amount AS 1s “M/6”.

FIG. 15 1s a view showing a table T4 indicating 3 pixel
values along the horizontal direction “I0, I1 and 12”. The 3
pixel values are obtained by applying the fluency transform
along the horizontal direction after the shift processing along
the horizontal direction 1s executed. As can be seen 1 table
T4, in comparison with the table T3 in FIG. 11, no unchang-
ing pixel values (=P,.) exist when the shift processing is
executed. This is because, regarding the functions f(t) (at the
formula (7)) based on the pixel P,, -, P,._1, P,o 15 Poovos @
value of “0” 1n the block BP, 1s relatively shifted to between
the pixel position “0” and the pixel position “1”.

FIG. 16 1s view showing a shift processing executed at the
fluency transform along the vertical direction. Note that,
only pixels 10, g0, 10, h0, k0, positioned at “0” along the
horizontal direction, are shown for explanation of the shift
processing.

When the fluency transform along the vertical direction 1s
executed, the pixels, generated by the fluency transform
along the horizontal direction, are relatively shifted along
the vertical and upper direction by the shifting-amount “As”.
As the block 1s the square block, the shifting amount “AS”
1s “M/6”. For example, the pixel 10 1s relatively shifted from
the pixel position “1” to a position between the pixel-
position “0” and the pixel-position “1”.

In this way, as the shift processing along the horizontal
direction by “1/2M” 1s executed before the fluency trans-
form along the horizontal direction, using the formula (7),
and the shift processing along the vertical direction by
“1/2M” 1s executed before the fluency transform along the
vertical direction using the formula (7), no unchanging pixel
values exist 1n the expanded-image data J, so that the
variation of the pixel value becomes smooth.

Note that, in FIGS. 14 to 16, for ease of explanation, each
pixel P 1s relatively shifted with respect to each corre-
sponding pixel-position of each block B in the generated
expanded-image data J. In fact, when the shift processing is
executed by the shifting processor 12, the pixel-positions of
the generated expanded-image data J are relatively shifted
with respect to each corresponding pixel P, m place of
shifting each pixel P, . To be precise, when the fluency
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transform along the horizontal direction shown 1n FIG. 14 1s
executed, the pixel-positions “0 to 2”7 along the horizontal
direction 1n the block BP are relatively shifted along the
horizontal and right direction such that the pixel P, 1is
between the pixel-position “0” and the pixel-position “17.
Other blocks are similar to the block BP. Then, when the
fluency transform along the vertical direction shown 1n FIG.
16 1s executed, the pixel-positions “0 to 27 along the vertical
direction 1n the block B0 are relatively shifted along the
vertical and lower direction such that each of the pixels 10
to I3 1s between the pixel-position “0” and the pixel-position
“17”. Other blocks are similar to the block B0. Hereinafter,
the pixel-positions are represented by “pixel generating
positions”.

FIG. 17 1s a view showing a flowchart of the expansion
processing. The size of the expanded-image data J is Z°
fimes of the original image data P. Note that, herein the
magnilying power 1s represented by “Z”.

In Step 101, cach pixel P, is arranged at a position
corresponding to the center position of each block. In Step
102, 1t 1s determined whether the magnifying power Z set 1n
advance 1s odd numbered.

When it 1s determined that the magnifying power Z 1s odd
numbered at Step 102, the process goes to Step 103. In Step
103, each pixel P, in the original image data P 1s shifted
along the horizontal and left direction by the shifting-
amount “AS”. In other words, the pixel generating positions
are relatively shifted along the horizontal and right direction
with respect to cach corresponding pixel P,.. As the mag-
nitude of the width/length of each block B 1n the expanded-
image data J 1s represented by “M” as described above, the
shifting-amount AS becomes “M/2Z”. After the shirt pro-
cessing along the horizontal direction 1s executed, the pro-
cess goes to Step 104.

In Step 104, the fluency transform along the horizontal
direction 1s executed to each shitted pixel P, so that pixels
along the horizontal direction, a number of which i1s Z times
of “A”, 1s generated. After Step 104 1s executed, the process
ogoes to Step 1085.

In Step 105, the pixels generated by the fluency transform
along the horizontal direction are relatively shifted along the
vertical and upper direction by the shifting-amount “AS
(=M/2Z)”. In other words, the pixel generating positions are
relatively shifted along the vertical and lower direction with
respect to corresponding pixels, generated by the fluency
transform along the horizontal direction Then, 1n Step 106,
the fluency transform along the vertical direction 1s
executed, so that the expanded-image data J 1s generated.

On the other hand, when it 1s determined that the mag-
nifying power 1s not odd numbered, namely, 1s even
numbered, the process goes to Step 107. The process 1n Step
107 1s similar to the process 1 Step 103, and the process 1n
Step 108 1s similar to the process 1 Step 105. Namely, the
fluency transform along the horizontal and vertical direction
1s directly executed to each pixel i the original 1mage data
P, so that the expanded-image data J is generated. After Step
108 1s executed, the expanded-image generating process 1s
terminated.

In this way, 1n this embodiment, the expanded-image data
J 1s obtained by applying the fluency transform to the
original 1mage data P. Consequently, the variation of the
pixel values between each pixel in the expanded-image data
J becomes smooth, namely, the picture quality can be
maintained 1n the process of expansion processing.

When the magnitying power 1s odd numbered, firstly, the
pixel generating positions along the horizontal direction,
corresponding to the pixel-position of the generated
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expanded-image data J, 1s relatively shifted along the hori-
zontal direction by the shifting-amount “AS (=M/2Z)” at the
fluency transform along the horizontal direction. Then, the
pixel generating positions along the vertical direction are
relatively shifted along the vertical direction by the shifting-
amount “AS (=M/2Z)” with respect to each of the pixels
aligned along the horizontal direction, obtained by the
fluency transform along the horizontal direction. Thus, no
unchanging pixel values exist in the expanded-image data 1,
the variation of pixel values between each pixel becomes
smooth even when the magnifying power 1s odd numbered.

Note that, the fluency transform may be executed along
the vertical direction and along the horizontal direction in
order. Further, the original image data P may be expanded
only along the horizontal (width) direction or the vertical
(length) direction. In this case, the pixel generating positions
along the horizontal direction or the vertical direction are
shifted relative to each corresponding pixel P, such that
each pixel P, 1s off-center of each corresponding block of
the generated expanded-image data J.

Finally, it will be understood by those skilled in the art
that the foregoing description i1s of preferred embodiments
of the device, and that various changes and modifications
may be made to the present invention without departing
from the spirit and scope thereof.

The present disclosure relates to subject matters contained
in Japanese Patent Application No.11-235960 (filed on Aug.
23, 1999) which i1s expressly incorporated herein, by
reference, 1n 1its entirety.

What 1s claimed 1is:

1. An apparatus for expanding original image data, in
which a plurality of pixels 1s arranged 1n a matrix, so as to
obtain expanded-image data partitioned into a plurality of
blocks, each of which 1s composed of a plurality of pixels,
said apparatus comprising:

a magnifying power setting processor that sets a magni-
fying power regarding at least one of a first direction
along a width and a second direction along a length 1n
said original 1mage data;

a pixel arranger that arranges each pixel 1in said original
image data at a position corresponding to a center
position of each of said plurality of blocks 1n accor-
dance with said magnifying power;

an expanded-image generating processor that generates
said expanded-image data corresponding to said mag-
nifying power by applying a fluency transform to each
arranged pixel 1n said original image data, said plurality
of pixels 1n each block being generated at pixel gen-
erating positions;

a magnifying power mspector that inspects whether said
magnilying power 1s odd numbered; and

a shifting processor that shifts said pixel generating
positions relative to each corresponding pixel of said
original image data by a shifting-amount corresponding
to said magnifying power such that each arranged pixel
of said original 1mage data 1s off-center with respect to
said plurality of blocks, when said magnitying power 1s
the odd numbered.

2. The apparatus according to claim 1, wherein said
expanded-image generating processor applies said fluency
transform, which 1s expressed by the following formula, to
cach pixel in said original 1mage data:
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where F(u) corresponds to each pixel value of said original
image data, f(t) is output values of said fluency transform, ¢
(t,u) 1s a fluency function defined by a fluency function space
S, m (=1,2,3, .. .) is a parameter indicating a differentia-
bility.

3. The apparatus according to claim 2, wherein said
expanded-image generating processor obtains said
expanded-image data by adding said output values f(t)

corresponding to pixel position 1n each of said plurality of
blocks.

4. The apparatus according to claim 3, wherein said
expanded-image generating processor applies said fluency
transform along said first direction so that pixels aligned
along said first direction are generated, and then applies said
fluency transform along said second direction to said pixels
aligned along said first direction.

5. The apparatus according to claim 4, wherein said
shifting processor shifts said pixel generating positions
along said first direction such that each arranged pixel of
said original 1mage data 1s between each corresponding pixel
generating position and its adjacent pixel generating position
when executing said fluency transform along said first
direction, and shifts said pixel generating positions along
said second direction such that each of said pixels aligned
along said first direction 1s between each corresponding,
pixel generating position and its adjacent pixel generating
position along said second direction when executing said
fluency transform along said second direction.

6. The apparatus according to claim 4, wherein a pixel
number along said width direction and a pixel number along
said length direction 1n each of said plurality of blocks is the
same, and said magnifying power indicates a ratio of a pixel
number along said first/second direction in said expanded-
image data to a pixel number along said first/second direc-
fion 1n said original 1mage data.

7. The apparatus according to claim 6, wherein said
shifting processor shifts by “M/2Z” along said first and
second direction respectively when it 1s supposed that a
length/width of each block 1s represented by “M” , and said
magnifying power 1s represented by “Z”.

8. A method for expanding original image data, in which
a plurality of pixels 1s arranged 1n a matrix, so as to obtain
expanded-image data partitioned into a plurality of blocks,
cach of which 1s composed of a plurality of pixels, said
method comprising;:

a first step that sets a magnifying power regarding at least
onc of a first direction along a width and a second
direction along a length 1n said original 1mage data;

a second step that arranges each pixel 1n said original
image data at a position corresponding to a center
position of each of said plurality of blocks 1n accor-
dance with said magnifying power;

a third step that inspects whether said magnifying power
1s odd numbered;
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a fourth step that shifts pixel generating positions relative position of each of said plurality of blocks 1n accor-
to each corresponding pixel of said original 1mage data dance with said magnifying power;
by a shifting-amount corresponding to said magnifying,
power such that each arranged pixel of said original

image data 1s off-center with respect to said plurality of 5 _ , , . ,
blocks, when said magnifying power is the odd num- a fourth step that shifts pixel generating positions relative
bered: ?and to each corresponding pixel of said original image data

by a shifting-amount corresponding to said magnifying
power, such that each arranged pixel of said original
image data 1s off-center with respect to said plurality of
blocks, when said magnifying power 1s the odd num-

a third step that inspects whether said magnifying power
1s odd numbered,;

a fifth step that generates said expanded-image data
corresponding to said magnifying power by applying a
fluency transform to each pixel in said original image 1¢
data, each pixel mn said original 1image data being

subjected to said fluency transform at one of the bered; and
position corresponding to said center position of each a fifth step that generates said expanded-image data
block and an off-center position with respect to each corresponding to said magnifying power by applying a
block. 15 fluency transform to each pixel in said original image
9. Amemory medium that stores a program for expanding data, each pixel in said original image data being
original image data comprising; subjected to said fluency transform at one of the
a first step that sets a magnifying power regarding at least position corresponding to said center position of each
one of a direction along a width and a direction along block and an off-center position with respect to each
length 1 said original 1mage data; 20 block.

a second step that arranges each pixel 1 said original
image data at a position corresponding to a center %k % k%
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